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METHOD AND COMPUTER SOFTWARE PRODUCT FOR 
CALCULATING A NUMERICAL VALUE REPRESENTATIVE OF 
A PROPERTY OF A CIRCUIT 



FtACTC GROUND OF THE INVENTION: 

This invention relates to a method of designing a semiconductor 
integrated circuit, and, in particular, to a method of verifying reliability of the 
semiconductor integrated circuit. 

In a semiconductor integrated circuit, a delay time is caused to occur 
in an electronic circuit when the electronic circuit includes MOS (Metal 
Oxide Semiconductor) transistors. Recent years, MOS transistors tend to 
become very small in size. This makes it impossible to ignore an influence 
from a hot carrier effect. Moreover, the delay time is also varied by an 
influence of aging caused by the hot carrier effect. 

In a conventional calculation method of the aged delay time, a 
difference, namely, a degradation rate between delay times before and after 
aging is calculated from information (input pin information) concerned with 
each input pin of a logic block and information (input pin device information) 
concerned with a device connected to the input pin. Hereinafter, the 
difference or a degradation rate will be called an delay time degradation rate. 
And then, the aged delay time is calculated from the delay time degradation 
rate. 

Herein, input pin information concerned with rounding and a 
frequency of waveform inputted to a logic block is provided from a logic 
level circuit formed by the logic blocks. On the other hand, input pin device 
information is provided from devices inside of a logic block. 
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The conventional calculation method will be described in detail with 
reference to Fig. 1 and is specified by a delay time calculation method 
depicted by 100. The delay time calculation method is for calculating aged 
delay time of a logic level circuit. In this method, delay time degradation 
rate calculation 105 is executed to calculate the aging degradation amount or 
rate which occurs in one logic block. Such the delay time degradation rate 
calculation 105 is carried out on the basis of input pin information 102, 
passage time information 103 and input pin device information 104. The 
calculation 105 is iterated to all of logic blocks comprising a logic level 
circuit. From the result of repeated calculation 105, aged delay time 
calculation 106 is executed and finally, a calculation result 107 is gained. 

As mentioned above, in the conventional method of calculating aged 
delay time of a logic level circuit, the aged delay time of each logic blocks is 
based only on the input pin information and then the result is applied for a 
calculation of aged delay time of whole of the logic level circuit. In this 
method, the accuracy of the aged delay time is low except that each logic 
block is composed of an inverter of one-stage transistor gate. 

In another conventional method, the aged delay time can be obtained 
with a high accuracy. However, to accomplish such a high accuracy, each of 
the logic blocks should be separated into a great number of transistor gates to 
calculate rounding and a frequency of waveform through each transistor gate, 
instead of calculating the aging degradation amount at each logic block. 
Specifically, the calculation of aged delay time should be executed each of all 
transistors included in a logic level circuit. In short, high accuracy and a 
small amount of calculation have a trade-off relationship in these methods. 

SUMMARY OF THE TNVENTTON: 

It is an object of the present invention to provide methods and 
computer software products for calculating an aged delay time of a logic level 
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circuit caused by the hot carrier effect, with both high accuracy and little 
calculation. 

According to this invention, a method for calculating a numerical 
value which shows a property of a logic level' circuit, from a numerical 
value V B , which shows a property of a logic block constituting the logic level 
circuit, comprises the following steps: 

(a) calculating the V B from numerical value V c 's each of which shows 
property of a transistor constituting part of the logic block; and, 

(b) calculating the V A from the V B . 

In the above mentioned method at step (a), one V c may show a 
property of a transistor connected to an input pin of the logic block and 
another V c may show a property of a transistor connected to an output pin of 
the logic block. 

According to this invention, a method for calculating a delay time of a 
signal passing through a logic level circuit is provided. The logic level 
circuit consists of a plurality of logic blocks. This method calculates the 
delay time from pin-to-pin delay time, which is delay time of a signal passing 
between an input pin and an output pin of a logic block, and block-to-block 
delay time, which is delay time of a signal passing between two logic blocks 
connected to each other. Furthermore, this method comprises the following 
steps: 

(a) calculating the pin-to-pin delay time and the block-to-block delay time 
without calculating in aging caused by hot carrier effect; 

(b) calculating variations of delay times that signals pass through transistors 
connected to the input and output pin caused by said aging; and, 

(c) modifying the pin-to-pin delay time and the block-to-block delay time 
calculated in step (a) by the variations calculated in step (b). 

According to this invention, a method for calculating pin-to-pin delay 
time T iopMh agc<J and block-to-block delay time T^,^ is provided. The 
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pin-to-pin delay time T 10palil _ agei is delay time of a signal passing between an 
input pin and an output pin of a logic block. The block-to-block delay time 
T conn c« ae ed * s delay time a ^S 11 ^ passing between said two logic blocks 
connected to each other by a computer. Furthermore, this method comprises 
the following steps: 

(a) calculating an amount of stress cast by the input pin and an amount of 
stress S ow cast by the output pin according to the following expression: 

S = a{^ " 

{w 

when it is assumed that a load capacitance is represented by C [pF], constants 
depending on change of inputted waveform are represented by cc and fi , 
and width of channel of the transistor connected to the pin is represented by 
W[/im]; 

(b) calculating an aged delay time of the input pin 8 m [%] and an aged delay 
time <5 0UJ [%] according to the following expression: 

1 



8 -y 



when it is assumed that a constant depending on physical structure of the pin 
is represented by r , the term of a guarantee of the LSI is represented by r 
[hour], constants depending on process are represented by e x e 2 and k , 
working frequency is represented by f [Hz], and absolute temperature is 
represented by T [K]; 

(c) calculating the pin-to-pin delay time T iCpath and the block-to-block 
delay time T connect _ aeed according to the following expressions: 

^connect _ aged ~ ^connecr _ fresh 0- ^out ^ out ) 
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when it is assumed that pin-to-pin delay time and block-to-block delay time 
calculated ignoring aging caused by hot carrier effect are represented by 
T 10pa fcr res h [ps] and T Mnnected _ fresh [ps], and ratios of delay times occurred at the 
input stage and the output stage to whole delay time occurred from the input 
pin to the output pin are represented by A in and A^. 

According to this invention, a method for calculating a delay time 
occurred to a signal passing through a logic level circuit that consists of a 
plurality of logic blocks comprises the following steps: 

(a) calculating delay times of all said logic blocks according to the method 
mentioned above; and, 

(b) calculating the delay time of the logic level circuit from the result of step 
(a). 

According to this invention, a computer software product for 
calculating a numerical value which shows a property of a logic level 
circuit, from a numerical value V B , which shows a property of a logic block 
constituting the logic level circuit makes a computer execute the following 
processes: 

(a) calculating the V B from numerical value V c 's each of which shows 
property of a transistor constituting part of the logic block; and, 

(b) calculating the V A from the V B . 

In the above mentioned computer software product at process (a), one 
V c may show a property of a transistor connected to an input pin of the logic 
block and another V c may show a property of a transistor connected to an 
output pin of the logic block. 

According to this invention, a computer software product for 
calculating a delay time of a signal passing through a logic level circuit that 
consists of a plurality of logic blocks is provided. This computer software 
product calculates a delay time from pin-to-pin delay time and block-to-block 
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delay time. The pin-to-pin delay time is delay time of a signal passing 
between an input pin and an output pin of a logic block. The block-to-block 
delay time is delay time of a signal passing between two logic blocks 
connected to each other. Furthermore, the computer software product makes 
a computer execute the following processes: 

(a) calculating the pin-to-pin delay time and the block-to-block delay time 
without calculating in aging caused by hot carrier effect; 

(b) calculating variations of delay times that signals pass through transistors 
connected to the input and output pin caused by said aging; and, 

(c) modifying the pin-to-pin delay time and the block-to-block delay time 
calculated in step (a) by the variations calculated in step (b). 

According to this invention, a computer software product for 
calculating pin-to-pin delay time T iopsth _ ased and block-to-block delay time 
T connect _ aEed is provided. The pin-to-pin delay time T iopath _ aeed , is delay time of a 
signal passing between an input pin and an output pin of a logic block. The 
block-to-block delay time T connESt _ a£ed , which is delay time of a signal passing 
between said two logic blocks connected to each other by a computer. And 
then, the computer software product makes a computer execute the following 
processes: 

(a) calculating an amount of stress S m cast by the input pin and and an 
amount of stress S out cast by the output pin according to the following 
expression: 



when it is assumed that a load capacitance is represented by C [pF], constants 
depending on change of inputted waveform are represented by a and 0 , 
and width of channel of the transistor connected to the pin is represented by 
W[jum]; 
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(b) calculating an aged delay time of the input pin S in [%] and an aged 
delay time $ out [%] according to the following expression: 



when it is assumed that a constant depending on physical structure of the pin 
is represented by r , the term of a guarantee of the LSI is represented by r 
[hour], constants depending on process are represented by e x s 2 and k , 
working frequency is represented by f [Hz], and absolute temperature is 
represented by T [K]; 

(c) calculating the pin-to-pin delay time T iopatH _ age<i and the block-to-block 
delay time T,^^ according to the following expressions: 

T connect _aged ~ ^connea _fresh^ + ^om^ out) 
T iopa th_aged ~ ^iopaih _fresh^ + ' ^irft */« + ^ouA out) 

when it is assumed that pin-to-pin delay time and block-to-block delay time 
calculated ignoring aging caused by hot carrier effect are represented by 



T iopaIh _ fresh [ps] and T eonnected frcsh [ps], and ratios of delay times occurred at the 



input stage and the output stage to whole delay time occurred from the input 
pin to the output pin are represented by A in and A out . 

According to this invention, a computer software product for 
calculating a delay time occurred to a signal passing through a logic level 
circuit that consists of a plurality of logic blocks makes a computer execute 
the following processes: 

(a) calculating delay times of all said logic blocks according to the above- 
mentioned product; and, 

(b) calculating the delay time of the logic level circuit from the result of step 




(a). 
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TVRTF.P DESCRIPTION OF THE DRAWING: 

Fig. 1 shows a block diagram for use in schematically describing a 
conventional method for calculating an aged delay time of a logic level 
circuit; 

Fig. 2 shows an relationship among inner information of a logic block, 
outskirts information of a logic block, a pin-to-pin delay time and a block-to- 
block delay time; 

Fig. 3 shows a block diagram for use in schematically describing a 
method for calculating an aged delay time of a logic level circuit comprising 
logic blocks in accordance with the present invention; 

Fig. 4 shows a block diagram for use in schematically describing a 
method for calculating aged delay time of a logic level circuit in aging caused 
by the hot electron effect; 

Fig. 5 shows a diagram for use in schematically describing 
propagation velocity t pd when input of inverter changes from low level to high 
level; and 

Fig. 6 shows a diagram for use in schematically describing delay time 
of a logic block comprising three stage inverters. 

DESC R IP T ION OF THE PR E F ERRED EMBODIMENTS; 
(1) First embodiment 

Referring to Fig. 2, description will be made about a method 
according to a first embodiment of the present invention, which is used to 
calculate an delay time of a logic block. The logic block includes N-channel 
transistors. With the passage of time, all of the N-channel transistors are 
aged and suffer from degradation in delay time due to a hot carrier effect, 
especially, a hot electron effect. 

According to the inventors' experimental studies, it has been found out 
that the N-channel transistors in the part shown by the question mark "?" in 
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Fig. 2 scarcely influence rounding (wave distortion) of waveform and load 
capacitance because distances between the transistors are short on one hand. 
On the other hand, it has been also found out that the N-channel transistors Tr 
211 and Tr 221 connected directly to the input and output pin tend to seriously 
influence these effects as a result of layout and connection design of a logic 
circuit. Consequently, it is very effective to calculate the effect of hot 
electron only in connection with the N-channel transistor Tr 21 1 and Tr 221. 

In general, a logic level circuit is divided into a plurality of logic 
blocks which may be considered as a minimum unit of the logic level circuit. 
In this event, it is necessary to acquire information concerning inner 
transistors for the calculation at every one of the logic blocks. In 
consequence, aged degradation amounts or rates between delay times before 
and after aging of Tr 211 and Tr 221 are calculated on the basis of information 
about load capacitance 212, rounding of waveform 214 caused by inner 
circuit of a logic block, the size of N-channel transistor, and coefficient for 
calculating delay time degradation rate. 

The delay time degradation rate of an input pin d in (%) is calculated 
by the next expression: 



r m : constant depending on physical structure of the input pin; 

r ac (hour): guaranteed duration of LSI; 

S in : stress of input pin; 

f in (Hz): frequency at input pin; and 

T (K): absolute temperature. 



1 




(i) 



JUL-05-1999 0?:03' 



81335030250 



10 

S in is calculated by the next expression: 
C m (pF): load capacitance of transistor connected to input pin; 



S„ = a 



(2) 



a,0 : constants depending on rounding of waveform of input pin; and 
W iB ( u m): width of N-channel transistor connected to input pin. 



The delay time degradation rate of output pin S out (%) is calculated 
by the next expression: 

Y m v constant depending on physical structure of output pin; 

( r k f X* 

^out ~ Y out 



r ^ f 

u ac_outJ ot 

s,e K 



ac out J out 

\ <-i e J 
S 0UI : stress of output pin; and 
f out (Hz): frequency at output pin. 



(3) 



S om is calculated by the next expression: 
C out (pF): load capacitance of transistor connected to output pin; 



Sou, = a 



\ vy out J 



(4) 



a ,J3 : constants depending on rounding of waveform of output pin; and 
W to ( m m): width of N-channel transistor connected to output pin. 



To modify pin-to-pin delay time for delay time degradation rate 
caused by the hot electron effect, the delay time degradation rate of Tr 211, 
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which is connected to the input pin, is considered to calculate the pin-to-pin 
delay time. Similarly, the delay time degradation rate of Tr 22 1, which is 
connected to the output pin, is considered to calculate both the pin-to-pin 
delay time and the block-to-block delay time. According to this concept, it 
is possible to calculate pin-to-pin delay time and block-to-block delay time 
modified for the hot electron effect. Pin-to-pin delay time T iopath _ aged (ps) 
modified for delay time degradation rate and block-to-block delay time 
T c<mecT aged (ps) modified for delay time degradation rate are given by the next 
expressions: 

T ,opath_a Z ed = T iopaih _ fresh ( l + K S in + X out S out) ^ 

T —T (l + JLS) <6) 

x connect _ aged connect _ fresh \ L ' out^ out J 

A m : the ratio of the delay time occurred at the input pin to the delay time 
between the input pin and the output pin; and 

A 0UT : the ratio of the delay time occurred at the output pin to the delay time 
between the input pin and the output pin. 



(2) Second embodiment 

Next, description will be made about a method for calculating delay 
time of a logic level circuit, which is the second embodiment of the present 
invention referring to Fig. 3. In this method, the logic level circuit 
comprises a plurality of logic blocks. 

By giving attention to one logic block included in the logic level 
circuit, the input pin information 302, passage time information 303 and input 
pin device information 304 are assembled. The passage time information 
303 is given in the form of year. And then, the delay time degradation rate, 
which is caused to occur at the N-channel transistor connected to the input pin 
of the logic block, is calculated in the delay degradation calculation 305. 
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Herein, the input pin information 302.is part of circuit information 301 
calculated for the logic level circuit according to the input pin. And herein, 
the input pin device information 304 is concerned with an inside circuit of the 
logic block. 

Similarly to the delay time degradation rate calculation 305, the delay 
time degradation rate related to the output pin is calculated, in the delay time 
degradation rate calculation 308. By paying attention to one logic block 
included in the logic level circuit, the passage time information 303, the 
output pin information 306, and output pin device information 307 are 
assembled. And then, the delay time degradation rate, which is occurred at 
the N-channel transistor connected to the output pin of the logic block, is 
calculated in the delay time degradation rate calculation 305. Herein, the 
output pin information 306 is a part of circuit information 301 calculated for 
the logic level circuit according to the output pin. And herein, the output pin 
device information 307 is concerned with devices of the logic block. 

The results of the delay time degradation rate calculation 305 and 308 
are used or applied in the pin-to-pin delay time calculation 309. 
Furthermore, the result of the calculation 308 is given to the block-to-block 
delay time calculation 3 10. Finally, the calculation result 3 11 is acquired 
from the result of the pin-to-pin delay time calculation 309 and the block-to- 
block delay time calculation 310. 
(3) Third embodiment 

Next, description will be made about the third embodiment of the 
present invention referring to Fig. 4. This embodiment is a method for 
calculating delay time of a logic level circuit when the delay time is aged 
because of the hot electron effect. 

At first, delay time calculation 402 and operating frequency 
calculation 403 are executed on the basis of logic level circuit information 
401 . On the one hand, the delay time calculation 402 is a conventional 
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method for calculating delay time without reference to the hot electron effect. 
And the delay time calculation 402 calculates rounding of waveform at input 
pin, load capacitance at output pin, pin-to-pin delay time, and block-to-block 
delay time by each of logic block included in the logic level circuit. On the 
other hand, the operating frequency calculation 403 is a kind of method for 
calculating operating frequency by using a probability propagation technique. 
And the operating frequency calculation 403 calculates frequency with which 
input and output pin of each logic block in the logic level circuit are driven. 

The result of the delay time calculation 402 is produced as input pin 
information 404 and delay time 406. The result of the operating frequency 
calculation 403 is produced as output pin information 405. The input pin 
information 404 comprises rounding of waveform and operating frequency at 
the input pin. The output pin information 405 comprises load capacitance 
and operating frequency at the output pin. The delay time 406 comprises 
both pin-to-pin delay time and block-to-block delay time. 

In addition to the input pin information 404 and output pin 
information 405, input pin device information 407 and output pin device 
information 408 are used in delay time degradation rate calculation 409 and 
410. The input pin device information 407 is concerned to inside of a logic 
block, and herein, shows some coefficients of expression (1) and (2) like as 
channel width of N-channel transistor connected to input pin. 

The delay time degradation rate calculation 409 and 410 calculate 
degradation rate between delay times before and after passing time from 
rounding of inputted waveform, output load capacitance, operating frequency, 
and size of N-channel transistor of input and output pin. According to the 
expression (1) and (2), the calculation 409 calculates the degradation rate of 
input pin in application of rounding of waveform at input pin calculated in the 
delay time calculation 402, operating frequency calculated in the frequency 
calculation 403, and the size of N-channel transistor connected to input pin 
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and other coefficients assembled from the input pin device information 407. 



calculating the degradation of output pin in application of load capacitance at 
output pin, operating frequency calculated in the frequency calculation 403, 
and the size of N-channel transistor connected to output pin and other 
coefficients assembled from the output pin device information 408. 

After execution of the delay time degradation calculation 409 and 410, 
pin-to-pin delay time degradation 411 is calculated from the degradations of 
input and output pins. Similarly, block-to-block delay time degradation 412 
is calculated from the degradation of output pin. Referring to these 
degradations, delay time modification 413 is executed to modify the delay 
time 406 calculated in the delay time calculation 402 according to the 
expression (5) and (6). Finally, calculation result 414 is calculated. 
(4) Derivation of expressions 

Hereinafter, description will be made about how to derive the 
expressions from (1) to (6). 

(4-1) Derivation of the expression (1) and the expression (3) 
In MOS transistor, degradation caused by hot carriers exponentially 
progresses in accordance DC stress time t dc . The degradation is denoted by 
D and is given by: 



In the above expression, n and A depend on process and bias. 

On the other hand, the degradation D is given by the following 
expressions with drain current I ds and mutual conductance g^: 



Similarly, according to the expression (3) and (4), the calculation 410 is for 




D = 




ds 



(8) 



dsO 
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D = 



Furthermore, the degradation D is shown by : 



(9) 



l ds 



1 sub 



BW 



V I* J 



(10) 



In the above, W is the channel width of transistor. B and m depend 
on process and bias. The expression (10) is proposed by C. Hu (C. Hu ct al. 
IEEE Transaction on Electron Devices Vol. ED-32, No. 2, pp375, 1985). 

When a value "age" is given by the next expression: 



age = ^±:\ -f^l f (ii 

the age under DC bias stress ageDC(t dc ) is given by the following: 

(12) 



and the age under AC bias stress ageAC(t ac ) is given by the following: 



L sub 
\ Ids J 



dt 



(13) 



In the case where AC bias has an iterative waveform at a frequency T, 
the expression (13) is transformed into: 
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ageAC(t ac ) = - 



1 BW{ I* 



(14) 



On the condition that DC stress is equal to AC stress, the following 



(15) 



holds: 

ageDC{t ic ) = ageAC{t ac ) 

By making a substitution the expressions (12) and (14) for the 
expression (15) , assuming that f=l/T, the following expressions (16) and (17) 
hold: 



Ids [ ^ sub 



\dc 



= Sf 



(16) 



(17) 



In the case where the objective circuit of the calculation is like an 
inverter on the conditions that the voltage of inputted signal changes from 0 to 
V DD (V DD to 0), and the voltage of output signal changes from V DD to 0 (0 to 
V DD ), the following holds: 

ageAC(t) > 0 : 0 < input < V DD5 0 < output < V DD (18) 
-~0 : input = 0 or V DD , output = 0 or V DD 
When an input signal changes from low level to high level, a 
transmission delay time in the inverter shown in Fig. 4 is mainly decided by 
N-channel transistor's ability to drive current and is shown in the following 
expression: 
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_ a£_ < 19 > 

a: constant; and 

C: load capacitance of output. 

Herein, when mobility is a< n5 capacitance of gate oxide film is C 0 „ 
width of gate is W and length of gate is L, K„ is given by: 

_ Mm C ox W 

& n = : (20) 



Because of degradation caused by the hot carrier effect, the following 
expression holds in the case that when of N-channel transistor decreases 
by A K,,, tp d increases by 6 : 



(21) 



oc &K n 

From the expression (7), A K„ is given by: 

From the expression (21), 5 = r AK,. Consequently, the 
following holds: 

— - (^dc y (23) 

7 

From the expression (17) and expression (23), the following holds: 

S = y(ASft ac y ™ 
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In the expression (24), A is a parameter depending on temperature. 
For example, the expression (24) is shown from an actual 
measurement as the following: 

-kT (25) 

Herein, A, and n are substituted like the following: 

A- 1 



= Z 

(26) 

J_ 

In the consequent, the following is acquired. 



b = r\ i (27) 



(4-2) Derivation of expression (2) and expression (4) 
Stress S depends on the ratio of load capacitance C to width of 
transistor(s), which is (are) N-channel transistor or (and) P-channel transistor, 
rise time T r and fall time T f of input pin. Stress S is shown in the following 
function: 

s = F [w- T " T ') <28) 

S is computed by calculation of the following expression in a circuit 
simulation by the use of SPICE and the like by changing C/W, T r and T f . 
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^ BW { I d 



dt 



BW 



(29) 



When S is approximated in the expression (29) by a function of C/W. 
the following is gained: 

r \P (30) 

s - a [w 

where a and J3 are constants depending on structure of circuit, T r and T f . 
(4-3) Derivation of the expression (5) and (6) 

In a logic block comprising three stage inverters each of which has the 
same delay time, when the input changes from low level to high level, A is 
shown by the following: 



(31) 



and when the input changes from high level to low level, A is shown by the 
following: 



(32) 



Similarly to Fig. 6, in four stage inverters each of which has the same 
delay time, when the input changes from low level to high level, A is shown 
by the following: 
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K- X - 

4 (33) 

and when the input changes from high level to low level, X is shown by the 
following: 

A m =0 (34) 

ou, 4 

(5) Effect of the present invention 

Delay time degradation which occurs in a logic circuit owing to the 
hot electron effect is serious in a transistor which has large rounding of 
inputted waveform or large load capacitance of output. 

A logic circuit inside a logic block is previously arranged and wired 
on LSI in small area so that transistors inside of the block have small 
rounding of input waveform and load capacitance of output. On the other 
hand, transistors connected to the input/output pin of a logic block tend to 
have large rounding of input waveform and load capacitance of output 
because distance between logic blocks and length of wires between logic 
blocks are determined by a tool for arranging and wiring LSI. 

Therefore, it is possible to calculate accurately an degradation rate of 
delay time in a logic circuit caused in the hot electron effect by paying 
attention to the input and output pin of a logic block. 

Namely, the present invention firstly calculates delay time degradation 
rate of an input pin and an output pin, and secondly modifies delay time by 
the delay time degradation rate. In consequence, the present invention 
provides a delay time calculation method with both high accuracy and low 
cost of calculation. The method of the present invention is immediately 
available for circuit simulation, static timing analysis. 



JUL-05-1999 07: 10 81335030250 



21 

While this invention has thus far been described in conj-unction with a 
few embodiments thereof, it will be readily possible for those skilled in the art 
to put this into various other manners. 
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WHAT TS CLAIMED IS: 

1 . A method of calculating, by the use of a computer, a numerical 
value V A representative of a circuit property of a logic level circuit, from a 
numerical value V B , which shows a block property of a logic block included 
in the logic level circuit, comprising the steps of: 

(a) calculating the V B from numerical values V c 's each of which 
represents a transistor property of a transistor included in the logic block; and, 

(b) calculating the V A from the V B . 

2. A method as in claim 1 wherein, in the step (a), each V c shows a 
specific one of the transistor property of the transistor connected to an input 
pin of the logic block and another V c shows another specific one of the 
transistor property of the transistor connected to an output pin of the logic 
block. 

3. A method of calculating, by the use of a computer, a delay time of a 
signal passing through a logic level circuit which consists of a plurality of 
logic blocks from pin-to-pin delay time, which is delay time of a signal 
passing between an input pin and an output pin of a logic block, and block-to- 
block delay time, which is delay time of a signal passing between two logic 
blocks connected to each other, comprising the steps of: 

(a) calculating the pin-to-pin delay time and the block-to-block delay 
time without calculating in aging caused by hot carrier effect; 

(b) calculating variations of delay times that signals pass through 
transistors connected to the input and output pin caused by said aging; and, 

(c) modifying the pin-to-pin delay time and the block-to-block delay 
time calculated in step (a) by the variations calculated in step (b). 

4. A method of calculating, by the use of a computer, pin-to-pin delay 
time T iopstil _ a8od , which is delay time of a signal passing between an input pin 
and an output pin of a logic block, and block-to-block delay time T coimeo ,_ age£i , 
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which is delay time of a signal passing between said two logic blocks 
connected to each other, comprising the steps of: 

(a) calculating an amount of stress S in cast by the input pin and and an 
amount of stress S oul cast by the output pin according to the following 
expression: 

when it is assumed that a load capacitance is represented by C [pF], constants 

S = a{^ 

\w 

depending on change of inputted waveform are represented by a and 0 , 
and width of channel of the transistor connected to the pin is represented by 
W[//m]; 

(b) calculating an aged delay time of the input pin 6 in [%] and an 
aged delay time <5 out [%] according to the following expression: 

when it is assumed that a constant depending on physical structure of the pin 
1 



< rSf > 
s,e KT 



5 - y 

K°i* J 

is represented by r , the term of a guarantee of the LSI is represented by r 
[hour], constants depending on process are represented by e ] e 2 and k , 
working frequency is represented by f [Hz], and absolute temperature is 
represented by T [K]; 

(c) calculating the pin-to-pin delay time T^j,^ and the block-to- 
block delay time T connecl _ age(i according to the following expressions: 
when it is assumed that pin-to-pin delay time and block-to-block delay time 

Tfopaih _aged = ^ ^opaik _ fresh^ + \n + ^oui^oui) 
^connect _ aged — ^cornea _freshQ ^oufioul) 

calculated ignoring aging caused by hot carrier effect are represented by 
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T lopath _ &e6 h [ps] and T connectcajresh [ps], and ratios of delay times occurred at the 
input stage and the output stage to whole delay time occurred from the input 
pin to the output pin are represented by A ^ and A ^ 

5. A method of calculating, by the use of a computer, a delay time 
occurred to a signal passing through a logic level circuit that consists of a 
plurality of logic blocks, comprising the steps of: 

(a) calculating delay times of all said logic blocks according to the 
method as in claim 3; and, 

(b) calculating the delay time of the logic level circuit from the result 
of step (a). 

6. A method of calculating, by the use of a computer, a delay time 
occurred to a signal passing through a logic level circuit that consists of a 
plurality of logic blocks, comprising the steps of: 

(a) calculating delay times of all said logic blocks according to the 
method as in claim 4; and, 

(b) calculating the delay time of the logic level circuit from the result 
of step (a). 

7. A computer software product for calculating a numerical value V^, 
which shows a property of a logic level circuit, from a numerical value V B , 
which shows a property of a logic block constituting the logic level circuit, 
the product making a computer execute the following processes: 

(a) calculating the V B from numerical value V c 's each of which shows 
property of a transistor constituting part of the logic block; and, 

(b) calculating the V A from the V B . 

8. A computer software product as in claim 7 wherein in process (a) 
one V c shows a property of a transistor connected to an input pin of the logic 
block and another V c shows a property of a transistor connected to an output 
pin of the logic block. 
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9. A computer software product for calculating a delay time of a signal 
passing through a logic level circuit which consists of a plurality of logic 
blocks from pin-to-pin delay time, which is delay time of a signal passing 
between an input pin and an output pin of a logic block, and block-to-block 
delay time, which is delay time of a signal passing between two logic blocks 
connected to each other, the product making a computer execute the following 
processes: 

(a) calculating the pin-to-pin delay time and the block-to-block delay 
time without calculating in aging caused by hot carrier effect; 

(b) calculating variations of delay times that signals pass through 
transistors connected to the input and output pin caused by said aging; and, 
(c) modifying the pin-to-pin delay time and the block-to-block delay time 
calculated in step (a) by the variations calculated in step (b). 

10, A computer software product for calculating pin-to-pin delay time 
T iopa(h ^ which is delay time of a signal passing between an input pin and an 
output pin of a logic block, and block-to-block delay time T^^^, which is 
delay time of a signal passing between said two logic blocks connected to 
each other by a computer, the product making a computer execute the 
following processes: 

(a) calculating an amount of stress cast by the input pin and an 
amount of stress S out cast by the output pin according to the following 
expression: 

when it is assumed that a load capacitance is represented by C [pF], constants 



depending on change of inputted waveform are represented by a and £ , 
and width of channel of the transistor connected to the pin is represented by 
W|>m]; 
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(b) calculating an aged delay time of the input pin d in [%] and an 
aged delay time 6 out [%] according to the following expression: 
when it is assumed that a constant depending on physical structure of the pin 
1 



■7 



rSf 



\ £ i e ' J 

is represented by r > the term of a guarantee of the LSI is represented by r 
[hour], constants depending on process are represented by s , e 2 and k , 
working frequency is represented by f [Hz], and absolute temperature is 
represented by T [K]; 

(c) calculating the pin-to-pin delay time T iopa1h _ agcd and the block-to- 
block delay time T coimec( OBcd according to the following expressions: 

Tiopath _aged ~ Popart _fresh^ + ^rfi + ^om^out) 
T :ormect _ aged ~ ^ connect _ fresh 0- ^oui & 'out ) 

when it is assumed that pin-to-pin delay time and block-to-block delay time 
calculated ignoring aging caused by hot carrier effect are represented by 
T iopath _fre S h [ps] and T connectoJJresh [ps], and ratios of delay times occurred at the 
input stage and the output stage to whole delay time occurred from the input 
pin to the output pin are represented by A in and A cu ,. 

1 1 . A computer software product for calculating a delay time occurred 
to a signal passing through a logic level circuit that consists of a plurality of 
logic blocks, the product making a computer execute the following processes: 

(a) calculating delay times of ail said logic blocks according to the 
product as in claim 9; and, 

(b) calculating the delay time of the logic level circuit from the result 
of step (a). 



kT 



€ 2 
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12. A computer software product for calculating a delay time occurred 
to a signal passing through a logic level circuit that consists of a plurality of 
logic blocks, the product making a computer execute the following processes: 

(a) calculating delay times of all said logic blocks according to the 
product as in claim 10; and, 

(b) calculating the delay time of the logic level circuit from the result 
of step (a). 
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ABSTRACT OF THF. DISCLOSURE: 



To calculate pin-to-pin delay time, which is delay time from the input 
pin to the output pin of a logic block, and block-to-block delay time, which is 
delay time from an output pin of one block to an input pin of the next block, 
firstly, the pin-to-pin delay time and the block-to-block delay time are 
calculated with negligence in aging caused by a hot carrier effect, secondly, 
degradations caused by aged transistors connected to the input pin and the 
output pin, and lastly, the pin-to-pin delay time and block-to-block delay time 
are modified by the degradation rate. 
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lame: that I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural 
tames are listed below) of the subject matter claimed and for which a patent is sought in the application entitled- 

METHOD AND COMPUTER SOFTWARE PRODUCT FOR CALCULATING A NUMERICAL VALUE 

REPRESENTATIVE OF A PROPERTY OF A CIRCUIT 
vhich application is: 

x the attached application application Serial No. 

for original application) filed and amended on 



(for declaration not accompanying application) 
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Application Number Country Filing Date Priority Claimed 
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: 190685/1998 Japan. July 6, 1998 yes 

hereby-ciairn the benefit of Title 35, United States Code §120 of any United States application(s) listed below and, insofar as the 
ubject matter of each of the claims of this application is not disclosed in a listed prior United States application in the manner 
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oseph=JJRuch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C. Turner, Reg. No. 29,710- Howard l' 
emstdi, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchfiel, Reg. No. 31,333: Gordon Kit Reg No 
D,764; Susan J. Mack. Reg. No. 30.951; Frank L. Bemsrein, Reg. No. 31,484; Mark Boland, Reg. No. 32,197; William H 
:andir. Reg. No. 32,156; Scott M. Daniels, Reg. No. 32,562; Brian W. Harmon, Reg. No. 32,778 and Abraham J. Rosner, Reg. 
o. 33,276. my attorneys to prosecute this application and to transact all business in the Patent and Trademark Office connected 
crcwuh, and request that all correspondence about the application be addressed to SUGHRUE, MION, ZINN 
MACPEAK &. SEAS, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3202. 
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